Background {#Sec1}
==========

Once described as 'the silent killer' \[[@CR1], [@CR2]\] ovarian cancer is now recognised as having identifiable symptoms that are present at all stages of the disease \[[@CR2]\]. The importance of symptom awareness in the early diagnosis of cancer has been highlighted through the UK National Awareness and Early Diagnosis Initiative and the American Cancer Society guidelines for early detection \[[@CR3], [@CR4]\]. Ovarian cancer symptoms are vague and poorly differentiated from other common conditions \[[@CR5]\], and are often misattributed to ageing, the menopause, or stress \[[@CR6]--[@CR8]\]. Understanding the determinants of anticipated ovarian symptomatic presentation (how long it would take to present to a doctor if they thought they were experiencing a symptom) is important because ovarian cancer screening is not yet proven or routinely available for women in the general population or those at increased risk due to a family history of \[breast/ovarian\] cancer or gene mutations \[[@CR9], [@CR10]\]. Understanding the determinants of anticipated symptomatic presentation is beneficial, with much to be gained from the early detection of ovarian cancer, such as improved treatment options and better survival outcomes \[[@CR11]\]. While a number of studies have examined cancer knowledge and symptom presentation in the general population \[[@CR12]--[@CR14]\], few studies have been conducted involving women at increased risk for ovarian cancer. In the general population, low levels of ovarian cancer symptom knowledge have been reported \[[@CR15]\], as well as a reported lack of association between awareness of gynaecologic cancer symptoms and anticipated presentation behaviour \[[@CR16]\]. It could be expected that the increased saliency of cancer risk would lead to earlier symptom presentation in women at increased risk; however, empirical evidence is lacking regarding the influences on symptom presentation in women at increased risk compared to the general population.

The Health Belief Model (HBM) \[[@CR17]\] can be used to explore the determinants of anticipated symptomatic presentation. The HBM proposes that two variables directly influence likelihood of anticipated presentation behaviour: (1) perceived threat, and (2) the belief that the benefits of carrying out the action outweigh the barriers. According to the HBM, worry may be related to perceived health threat \[[@CR18]--[@CR20]\], which is the combination of perceived susceptibility and perceived severity \[[@CR17], [@CR21]\]. A review of empirical literature on the role of cancer worry in screening uptake, and the theoretical approaches to understanding of worry suggested that worry is an emotional representation of susceptibility or severity \[[@CR22]\]. Evidence suggests higher perceived threat increases the likelihood of engaging in behaviour that is likely to manage or reduce this threat \[[@CR17]\]. Cancer-related worry appears to be a strong influence on health-related decision making for women at increased risk \[[@CR23], [@CR24]\], with high levels of ovarian cancer worry and perceived susceptibility \[[@CR25], [@CR26]\] predicting higher ovarian screening uptake \[[@CR23]\]. Given the impact of risk and associated worry on cancer screening uptake, the impact of risk and worry on symptom presentation behaviour needs to be considered \[[@CR27]\]. If high levels of cancer worry are contributing to presentation in these women, it is important to identify the mechanisms through which worry can be reduced or managed. Increased risk women may demonstrate a different pattern of health beliefs in relation to ovarian cancer symptomatic presentation compared to women at population risk. Research is therefore needed to explore and compare these two populations, and to increase understanding of the determinants of anticipated presentation, particularly the potential role of emotions such as cancer-related worry \[[@CR28]\]. In ovarian cancer, there is currently no agreed definition of an optimal symptom presentation interval. However, as early stage at diagnosis is associated with better treatment outcomes and ultimately, survival \[[@CR11], [@CR29]\], early presentation is considered advantageous \[[@CR4]\].

Structural equation modelling (SEM) will be used to test the HBM model and to identify correlates of anticipated presentation. SEM is a statistical technique that allows for the simultaneous test of multiple causal relations \[[@CR30]\] and can be used to test theoretical models, such as the HBM in novel health contexts. SEM is an advantageous method as it allows for a deeper exploration of the relationships between variables than standard regression analysis. Particularly, SEM allows for theoretical models to be tested, for simultaneous analysis to be conducted, and for latent (unobserved) variables to be modelled.

The present study was undertaken to examine determinants of anticipated time to presentation for potential ovarian cancer symptoms in women at increased risk, with a population risk comparison group. Women at increased risk were hypothesised to differ from women at population risk in terms of health beliefs, including higher levels of worry, knowledge, perceived susceptibility, perceived threat, benefits and barriers to presentation, a greater degree of personal experience of ovarian cancer, and earlier anticipated time to symptom presentation.

Methods {#Sec2}
=======

Participants and procedures {#Sec3}
---------------------------

Recruitment and study procedures were different for the increased risk and population risk women and are presented separately. The study received ethical approval from Cardiff University, School of Medicine.

### Increased risk sample {#Sec4}

Participants were recruited from a database of 1999 women who had previously been identified as being at increased risk of ovarian cancer based on their family history or genetic test results, and who had taken part in a psychological evaluation of familial ovarian cancer screening (PsyFOCS) study \[[@CR31]\]. High risk women have at least a 10-15% lifetime risk of ovarian cancer, compared to 1.3% in women at population risk \[[@CR32]\]. Of the PsyFOCS sample, 446 registered interest in taking part in a further study on ovarian symptom awareness. In addition, a further 29 participants were recruited via the UK based charity Ovacome (<http://www.ovacome.org.uk>). Women who had registered interest in the study were invited to complete a postal or online questionnaire, according to their preference. Selection criteria for the present study included the ability to give informed consent, not having a previous diagnosis of ovarian cancer, or a procedure to remove one or both ovaries. In total 164 (34.5%) did not return the questionnaire and 28 (5.9%) were excluded due to previous oophorectomy. The final sample was *n* = 283 (63.3%). Of these, 29 were from Ovacome (10.2%) and the remaining 254 (89.8%) from the PsyFOCS recruitment pool. Four participants completed the electronic version of the survey. The mean age of the women was 52.87 years (SD = 10.40), with most having completed secondary education or above (71.0%, *n* = 201) (see Table [1](#Tab1){ref-type="table"}).Table 1Demographic characteristics of study participantsVariableIncreased risk (n=283)Population risk (n=1043)StatisticCohen's dAge, yearsM=52.87(sd=10.40)M=64.53 (sd=9.49)*t* ~*(*1313)~=-17.86, *p* \< 0.0011.20 30-49 n (%)123 (43.9%) 50-69135 (48.2%)735 (71%) 70+22 (7.9%)300 (29%)Relationship status n(%) Married or cohabiting209 (74.1%)515 (49.4%)*x* ^2^ ~(1)~=53.81, *p* \< 0.0010.41Education n(%)*x* ^2^ ~(2)~=66.11, *p* \< 0.001 Up to 1681 (28.7%)570 (55.8%)0.46 Secondary105 (37.2%)254 (24.9%) Degree or above96 (34.1%)197 (19.3%)

### Population risk sample {#Sec5}

Women from the general population were recruited in Wales as part of the International Cancer Benchmarking Partnership \[[@CR28]\]. Random probability sampling was used to achieve a population-representative sample using electronic telephone directories as the sampling frame. Where more than one person was eligible, the Rizzo method was used to randomly select one person to be interviewed, thereby giving an equal chance of selection to all eligible people living in the household \[[@CR33]\]. Computer assisted telephone interviews were completed by 1043 women. The selection criteria included women aged over 50 years, residing in Wales with the ability to give informed consent, not having had a previous diagnosis of ovarian cancer and not having had a procedure to remove one or both ovaries \[[@CR28]\]. Due to the sampling method used for the general population (random digit dialling), it is not possible to estimate the number of eligible participants \[[@CR28]\]. Of the 1385 female respondents, 315 were excluded due to a personal history of ovarian cancer or having had a procedure to remove one or both ovaries. The final sample comprised 1043 women. As shown in Table [1](#Tab1){ref-type="table"}, the mean age of the women was 64.53 (SD = 9.49) and the majority had completed education up to age 16 (55.8%, *n* = 570). The increased risk sample was significantly younger, more likely to be married or cohabiting, and to have a higher educational level.

Health belief model measures {#Sec6}
----------------------------

### Individual perceptions {#Sec7}

Two measures were used to assess individual perceptions. *Perceived susceptibility* was measured by asking "Compared to most other women your age, how likely do you think it is that you will get ovarian cancer at some time in your life?" Responses were rated from 1 (much less likely) to 5 (much more likely) (adapted from \[[@CR34]\]. *Ovarian cancer worry* was measured with the Ovarian Cancer Worry Scale \[[@CR35]\], which is an adaptation of the Cancer Worry Scale \[[@CR36]\]. The Ovarian Cancer Worry Scale consists of three questions, which assess frequency of worry, the impact this has on mood and the impact on daily functioning, each on a 5 point scale giving a range of 3-15 (Cronbach's α = 0.80 for the increased risk sample, α = 0.69 for the population risk sample).

### Modifying factors {#Sec8}

Eleven statements assessed ovarian cancer symptom *knowledge*, and were adapted from the validated ovarian cancer awareness measure \[[@CR37]\] and included less common symptoms to reflect the UK Department of Health's 'Key Messages' on ovarian cancer for health professionals and the public \[[@CR38]\]. The 11 symptoms were: a persistent pain in the abdomen, a persistent pain in the pelvis, vaginal bleeding after the menopause, persistent abdominal bloating, increased abdominal size on most days, not wanting to eat because feel persistently full, difficulty eating usual amounts of food on most days, passing more urine than usual, a change in bowel habits, extreme tiredness and back pain. Scores were summed to give a total knowledge score (range 0-11). *Confidence in symptom detection* was assessed by asking "How confident are you that you would notice a symptom of ovarian cancer?" Scores ranged from 1 (not at all) to 4 (very confident) \[[@CR37]\].

### Cues to action {#Sec9}

*Personal experience* with ovarian cancer was assessed through the question "Have you, or any friends or family members that are close to you, ever been diagnosed with ovarian cancer?" Participants who responded 'yes - self' were excluded. Response options were coded as 0 = no ovarian cancer experience, 1 = ovarian cancer experience.

### Likelihood of action {#Sec10}

Eleven items were used to develop scales for perceived benefits and percieved barriers \[[@CR13], [@CR37]\]. For eight items participants were asked to "indicate whether any of the following might put you off going to the doctor if you thought you had a symptom of ovarian cancer" (e.g. "I would be too scared"). The response options were: yes often (code =3), yes sometimes (code = 2) and no (code =1). For the remaining three items, participants were asked "please indicate how much you agree or disagree with each statement" (e.g. "If found early, ovarian cancer can often be cured") rated from 1 (strongly disagree) to 4 (strongly agree).

### Likelihood of behaviour {#Sec11}

*Anticipated presentation* was measured by asking "If you had a symptom that you thought might be a sign of ovarian cancer, how long would it take you to go to the doctors from the time you first noticed the symptom?"\[[@CR37]\]. Response options were: I would go as soon as I noticed, up to one week, over one week up to two weeks, over two weeks up to three weeks, over three weeks up to four weeks, and more than a month. Responses were re-coded as '0 = I would go as soon as I noticed, no delay' and '1 = any delay, between up to a week to more than a month'.

### Data analysis {#Sec12}

Data were examined to determine suitability for analyses. Screening identified one participant reporting a score of 15 for ovarian cancer worry (sample mean = 6.15, sd = 1.94) and this outlier case was removed from analysis. The total increased risk sample (*n* = 283) and population risk sample (*n* = 1043) were combined (*n* = 1326) for an overall test of the structural relations in the SEM test of the Health Belief Model (HBM). However, sample profile characteristics and descriptive statistics were presented separately for the two groups. In preliminary work to generate measures for the study, separate principal components analyses of HBM items were conducted for the two groups in order to identify the salient factors contributing to the HBM scales for each risk group.

#### Increased risk sample {#FPar1}

Four factors were extracted which explained a total 63.12% of the variance. The factors were labelled Perceived Barriers (26.60% of variance, eigenvalue 3.19, Cronbach's α = 0.72, range 6-8, mean score 7.94, sd = 2.17), Perceived Benefits (16.42% of variance, eigenvalue 1.97 Cronbach's α = 0.81, range 3-12, mean score 10.04, sd = 1.90), Fear (11.57% of variance, eigenvalue 1.39 *r* = 0.72, *p* \< 0.001) and Perceived Susceptibility (8.52%, eigenvalue 1.02). Fear referred to fear of what might be discovered and therefore for the purpose of SEM, the factor-derived scales for fear and perceived barriers were combined to create a perceived barriers construct (8 item scale Cronbach's α = .75) in order to create the perceived barriers item for the likelihood of action component of the HBM. As the HBM defines the likelihood of action as perceived benefits minus perceived barriers, these calculations were made in SPSS (version 18) creating the likelihood of action scale that ranged from −15 to 4. Scores at the negative end of the Likelihood of Action scale represented more perceived barriers than benefits, and scores at the positive end of the scale indicated more perceived benefits than perceived barriers.

#### Population risk sample {#FPar2}

Four factors were extracted which explained 57.84% of the variance. The factors were labelled Emotional Barriers (23.96% of variance, eigenvalue 2.88, Cronbach's α =0.67, range 5-15, mean score 6.02, sd = 1.65), Practical Barriers (15.71% of variance, eigenvalue 1.89, Cronbach's α = 0.59, range 3-9 mean score 3.51, sd = 1.02), Perceived Benefits (9.78, eigenvalue 1.17, Cronbach's α = 0.68, range 3-12 mean score 10.94, sd = 1.29) and Perceived Susceptibility (8.39% of variance, eigenvalue 1.01). Similarly to the increased risk group, the scales for emotional barriers and practical barriers were combined to create a perceived barriers construct for use in SEM (8 item scale Cronbach's α = .72). Factor analysis of the 12 HBM constructs showed the same pattern of underlying constructs for the two risk groups, with the exception of the perceived barriers constructs that were created based on the principal components analysis for each group for the purpose of SEM, where minor item differences were observed. For the increased risk group, the extracted factors for perceived barriers differentiated fear of the discovery of ovarian cancer, with the perceived barriers construct that was created for the purpose of SEM consisting of a combination of fear and perceived barriers items as identified in the principal components analysis. For the population risk group the extracted factors differentiated practical barriers involving time constraints, with the perceived barriers construct that was created for the purpose of SEM consisting of a combination of emotional and practical barriers.

Prior to SEM analysis, a measurement model was created in order to observe whether perceived susceptibility and ovarian cancer worry were part of the same trait complex of perceived threat. The measurement model consisting of perceived susceptibility, ovarian cancer worry and the latent variable perceived threat can be seen embedded in the structural model in Fig. [2](#Fig2){ref-type="fig"}. The other HBM components were then added in order to create the full structural model. The full SEM examined relations between this latent threat complex and other constructs. Specifically, a SEM was computed investigating whether individual perceptions, modifying factors, perceived threat, cues to action and likelihood of action predicted the behavioural outcome of anticipated time to symptomatic presentation. A baseline model was created, with the same parameters used for configural models for analysis of invariance. The increased risk and population risk data were analysed simultaneously in a configural model, and constraints were then applied to the parameters to test invariance in loadings and structure across groups (see Table [3](#Tab3){ref-type="table"}). The invariance tests examined equivalence of model parameters (intercept, regression coefficients, means, covariance and residuals) between the two risk groups.

Fit of the SEM models was determined from five fit indices: (1) chi-square (CMIN) not significant at the .05 level of significance indicates a model with good fit \[[@CR39]\]; (2) relative chi-square (CMIN/df) with a ratio within 3:1 indicates good fit \[[@CR30]\]; (3) a comparative fit index (CFI) and (4) Tucker-Lewis Index (TLI) greater than .95 indicates a model with good fit \[[@CR40]\], (5) a standardised root-mean square error of approximation (RMSEA) close to .06 indicates good fit \[[@CR40]\].

Results {#Sec13}
=======

Psychological characteristics for both risk groups are provided in Table [2](#Tab2){ref-type="table"}. All comparisons were statistically significantly different. Women at increased risk anticipated longer presentation times (*p* \< .001), had less confidence in symptom detection (*p* \< .01), higher perceived susceptibility (*p* \< .001), more personal experience with ovarian cancer (*p* \< .001), lower symptom knowledge (*p* \< .001) and higher ovarian cancer worry (*p* \< .001) compared to the population risk women. The population risk women had significantly better symptom knowledge than the increased risk sample. Under half of the increased risk sample (*n* = 115, 40.8%) anticipated presenting immediately after noticing a possible ovarian cancer symptom, with 50.8% (*n* = 507) of the population risk women anticipating presenting immediately. The most frequently recognised symptom was persistent abdominal bloating (*n* = 247, 88.5%) by increased risk women, and vaginal bleeding after the menopause (*n* = 912, 92.3%) by the population risk women (see Fig. [1](#Fig1){ref-type="fig"} for all symptoms). Passing more urine than usual was least recognised by both the increased (*n* = 76, 27.6%) and population risk women (*n* = 334, 37.9%).Table 2Characteristics of the increased risk and general population samplesVariableIncreased risk (*n* = 283)Population risk (*n* = 1043)StatisticAnticipated time to presentation n (%)Any delay (167, 59.2%)Any delay (491, 49.2%)*x* ^2^ ~(5)~=30.38, *p* \< 0.001 I would go as soon as I noticed115 (40.8%)507 (50.8%) Up to 1 week46 (16.3%)239 (23.9%) Over 1 up to 2 weeks43 (15.2%)101 (10.2%) Over 2 up to 3 weeks23 (8.2%)51 (5.1%) Over 3 up to 4 weeks28 (9.9%)57 (5.7%) More than a month27 (9.6%)43 (4.3%)Confidence in symptom detection M(sd)M=2.20 (sd=0.70)M=2.34 (sd=0.93)*t* ~*(*586)~=-3.01, *p* \< 0.01 Not at all n (%)41 (14.5%)213 (20.9%) Not very151 (53.6%)350 (34.4%) Fairly85 (30.1%)347 (34.1%) Very5 (1.8%)108 (10.6%)Perceived susceptibility n (%)M=4.21 (sd=0.71)M=2.34 (sd=0.93)*t* ~*(*578)~=-34.04, *p* \< 0.001 Much less likely2 (0.7%)194 (20.5%) A little less likely1 (0.4%)276 (29.1%) About the same30 (11.1%)392 (41.3%) A little less likely144 (53.1%)69 (7.3%) Much more likely94 (34.7%)17 (1.8%)Experience with ovarian cancer n (%)*x* ^2^ ~(1)~=437.36, *p* \< 0.001 Yes257 (90.8%)238 (22.9%)Symptom knowledge M (sd, range)6.1 (2.6, 0-11)6.9 (2.7, 0-11)*t* ~*(*1324)~=\--4.28 ,*p* \< 0.001Worry M (sd, range)6.2 (1.9, 3-12)5.3 (1.4, 4-12)*t* ~*(*495)~=-6.24, *p* \< 0.001 Fig. 1Recognition of individual ovarian cancer symptoms for both risk groups. Legend: valid % presented in cases where data were missing

Structural equation models {#Sec14}
--------------------------

### Structural equation model for total sample {#Sec15}

The full SEM for the total sample is shown in Fig. [2](#Fig2){ref-type="fig"}. The goodness of fit statistic was significant (~×~ ^2^=115.68, df = 11, *p* \< .05), indicating a poor fit. Fit indices were CFI = .90 and RMSEA = .09, indicating marginal good fit, with TLI = .66 and relative chi-square *×* ^2^/df = 10.52 indicating poor fit (see Additional file [1](#MOESM1){ref-type="media"} for correlation matrix of model variables). The constructs of the HBM predicted 6% of variance in anticipated presentation.Fig. 2SEM for HBM applied to anticipated presentation with potential ovarian cancer symptoms for all participants. Legend: The SEM investigates whether the HBM variables of individual perceptions (perceived susceptibility and worry), modifying factors (age, knowledge, confidence), perceived threat, cues to action (personal experience) and likelihood of action (perceived benefits minus barriers) predicted the behavioural outcome of anticipated presentation for all participants. Values displayed are standardised regression weights (→), covariances (↔) and percentage of variance accounted for. Squares represent observed variables, and circles represent unobserved variables. ns = not statistically different.\**p* \< .05. \*\**p* \< .01, \*\*\**p* \< .001. *(SEM = structural equation model, HBM = health belief model)*

Perceived susceptibility (β = 85, *p* \< .001) and ovarian cancer worry (β = .45, *p* \< .001) were both significant indicators of perceived threat in the measurement model (see Fig. [2](#Fig2){ref-type="fig"}). The correlation between perceived threat and anticipated presentation was not significant (β = −.01, *p* \> .05). The likelihood of action construct, which consists of perceived benefits and barriers, was negatively correlated with anticipated presentation, indicating that perceiving more benefits than barriers was associated with reduced presentation times (β = −.25, *p* \< .001). Knowledge was not correlated with perceived threat (β = .01, *p* \> .05); but was positively correlated with likelihood of action (β = .15, *p* \< .05) and confidence in symptom detection (β = .24, *p* \< .001). Confidence in symptom detection was negatively correlated with perceived threat (β = −.10, *p* \< .01) and positively correlated with likelihood of action (β = .14, *p* \< .001).

A test of invariance was carried out to identify differences in fit for the measurement model between the increased and population risk groups (see Table [3](#Tab3){ref-type="table"}). Goodness of fit statistics for the configural model were *×* ^2^(118.28), df = 24, p \< .001, *×* ^2^/df = 4.93, CFI = .77, RMSEA = .05. The difference in chi-square indicated invariance for Model 1, indicating that when the structural weights (i.e., path coefficients) were constrained across the two groups there was no significant difference from the configural model. When other constraints were successively added (intercepts, means, covariances, residuals, see Models 2-5 in Table [3](#Tab3){ref-type="table"}) there was a significant difference between models 2-5 and the configural model. Due to the invariance, multi-group analysis was conducted to identify model differences between the two risk groups. The results of the increased risk SEM and the population risk SEM are presented together in Fig. [3](#Fig3){ref-type="fig"}.Table 3Tests of invariance across different risk groups*x* ^2^*Df*Δ*x* ^2^Δ*df*CFIΔCFIConfigural model118.28240.77Model 1132.5732**14.29**80.750.02Model 2201.473383.19\*90.580.19Model 3793.9637675.68\*130.000.77Model 41076.5847958.30\*230.000.77Model 51236.45491118.17\*250.000.77*Note.* Δ*x* ^2^ =difference in *x* ^2^ between models; Δ*df*= difference in degrees of freedom between models; ΔCFI = difference in CFI between models. Numbers in bold indicate goodness of fit. Model 1= constrained structural weights. Model 2= constrained structural weights and intercepts. Model 3 = constrained structural weights, intercepts and means. Model 4= constrained structural weights, intercepts, means and covariance's. Model 5 = constrained structural weights, intercepts, means, covariance's and residuals. \**p*\<.05 Fig. 3SEM for HBM applied to anticipated presentation with potential ovarian cancer symptoms for both groups. Legend: The SEM investigates whether the HBM variables of individual perceptions (perceived susceptibility and worry), modifying factors (age, knowledge, confidence), perceived threat, cues to action (personal experience) and likelihood of action (perceived benefits minus barriers) predicted the behavioural outcome of anticipated presentation for both groups. Increased risk group is the top coefficient (bold and italics), and the general population group is the bottom coefficient (not bold/not italics). Values displayed are standardised regression weights (→), covariances (↔) and percentage of variance accounted for. Squares represent observed variables, and circles represent unobserved variables. ns = not statistically significant.\**p* \< .05. \*\**p* \< .01, \*\*\**p* \< .001. *(SEM = structural equation model, HBM = health belief model)*

### Determinants of anticipated presentation in increased risk sample {#Sec16}

The goodness of fit statistic was significant at the .05 level (~×~ ^2^=23.54, df = 12, *p* \< .05), indicating bad fit. The relative chi-square (~×~ ^2^/df = 1.96) was under the recommended 3:1 range and indicated good fit. The CFI = .92 indicated marginal good fit, RMSEA = .06, good fit, and TLI = .76 a bad fit. The constructs of the HBM predicted 14% of variance in anticipated presentation for the increased risk group (see Fig. [3](#Fig3){ref-type="fig"}). The observed relationships between the variables in the increased risk model are provided in the correlation matrix in Additional file [1](#MOESM1){ref-type="media"}. Figure [3](#Fig3){ref-type="fig"} shows that perceived threat was determined by perceived susceptibility (β = .35, *p* \< .001) and ovarian cancer worry (β = .98, *p* \< .001), with both of these variables significant indicators of perceived threat in this measurement model. Perceived threat was negatively associated with anticipated presentation in this group (β = −.18, *p* \< .01). Confidence in symptom detection was negatively associated with perceived threat (β = −.15, *p* \< .05). Knowledge was not correlated with either perceived threat (β = .10, *p* \> .05) or likelihood of action (β = .11, *p* \> .05). However, a positive covariance of knowledge with confidence in symptom detection was observed (β = .31, *p* \< .001). Age was negatively correlated with perceived threat (β = −.18, *p* \< .01) and positively correlated with likelihood of action (β = .23, *p* \< .001). Personal experience was not correlated with perceived threat (β = .06, *p* \> .05), but those with personal experience had significantly higher confidence in symptom detection (β = .18, *p* \< .01). Perceiving more benefits than barriers was associated with earlier anticipated presentation (β = −.34, *p* \< .001).

### Determinants of anticipated presentation in population risk sample {#Sec17}

The goodness of fit statistic was significant at the .05 level (~×~ ^2^=26.31, df = 12, *p* \< .05), indicating a bad fit. The relative chi-square (~×~ ^2^/df = 2.19) was under the recommended 3:1 range that indicates good fit. Other fit indices were CFI = .92 and RMSEA = .04, indicating marginally good fit, with TLI = .72 indicating a bad fit. The constructs of the HBM predicted 3% of variance in anticipated presentation for the population risk group (see Fig. [3](#Fig3){ref-type="fig"}). The relationships between the variables used in the general population model are provided in the correlation matrix in Additional file [1](#MOESM1){ref-type="media"}. In the population risk group, perceived susceptibility was a determinant of perceived threat (β = .64, *p* \< .05), but worry was not (β = .36, *p* \> .05). The correlation between perceived threat and anticipated presentation was not significant in this group (β = −.03, *p* \> .05). Confidence in symptom detection was associated with perceiving more benefits than barriers to presentation (β = .17, *p* \< .001). The correlation between knowledge and likelihood of action was positive (β = .10, *p* \< .01), with knowledge associated with perceiving more benefits than barriers to presenting. Perceiving more benefits than barriers to presentation was associated with earlier anticipated presentation (β = −.17, *p* \< .001).

Discussion {#Sec18}
==========

In the absence of routine ovarian cancer screening, promoting help-seeking in the presence of symptoms is a potential route to early diagnosis \[[@CR28]\]. The current study explored determinants of anticipated symptomatic presentation in a sample of women comprising two risk populations. Women at increased risk had higher levels of worry, perceived susceptibility, and a greater degree of personal experience of ovarian cancer, and lower knowledge, and had longer anticipated time to symptom presentation than the general population sample. This is the first study to compare data on levels of worry and perceived susceptibility in a general population and increased risk sample, and to examine how worry and perceived susceptibility interact with help-seeking intentions. Findings suggest that health beliefs relating to ovarian cancer are related to risk status. Determinants of earlier symptomatic presentation that were common to both groups included high perceived susceptibility, high confidence in symptom detection, high symptom knowledge and perceiving more benefits than barriers to presentation. However, the cancer worry component of perceived threat was a unique predictor in the increased risk group. The current findings support the need for an ovarian cancer awareness intervention that emphasises the perceived benefits of symptom presentation and minimises perceived barriers, and that increases confidence in symptom detection whilst managing worry.

Evidence suggests that higher perceived threat increases the likelihood of engaging in behaviour that is likely to manage or reduce this threat \[[@CR17]\]. The present findings add to this by suggesting that, in certain patient groups, worry may be a greater motivator of earlier presentation than the susceptibility component of perceived threat. Perceived threat was observed to comprise both worry and susceptibility components in women at increased risk, but only susceptibility aspects in the population risk sample. The appraisal process through which people generate a sense of personal susceptibility could therefore be an important target for future research on cancer awareness, helping researchers to better conceptualise "delay" from the patient's perspective \[[@CR41]\]. It may be that emotional processes are more influential in certain patient groups (such as those at increased risk) and therefore may need consideration when conceptualising the symptom appraisal interval. The current findings could suggest that women at increased risk have perceived susceptibility and ovarian cancer worry determinants in this appraisal process. It should be noted that perceived susceptibility partly reflected a true element (as the increased risk women genuinely were at risk), highlighting that perceived susceptibility encompasses many elements (i.e knowledge, construal of risk and emotions) that need to be better understood.

The association between earlier anticipated symptom presentation and worry in increased risk women in the current study complements research on familial ovarian cancer screening uptake, where worry has been shown to be a key determinant of screening uptake \[[@CR18], [@CR23]\]. The findings relating to worry could also have practical implications for healthcare professionals who should be aware of the potential for heightened cancer worry when consulting with people at increased risk. Results in the current study indicated that women from the general population had higher symptom knowledge and anticipated presenting in shorter time frames than the increased risk sample. The observed difference could reflect that women at increased risk in the UK have previously relied on screening as their main detection strategy and therefore place less emphasis on symptom knowledge and symptomatic presentation. The type of knowledge women have about ovarian cancer will also vary across the lifespan according to maturational and experiential factors (e.g., reproductive change).

Factor analysis of the HBM scales showed the same pattern of underlying constructs for the two risk groups, with the exception of barriers. For the increased risk sample, barriers were differentiated by fear of the discovery of ovarian cancer, whereas for the population risk group the practical barriers reflecting time constraints were more salient. This differentiation is an important finding and could have implications for education and awareness about ovarian cancer. The results could suggest that regardless of risk status, all women could benefit from ovarian cancer symptom information and education about presentation times. Therefore an intervention with tailored content that addresses the specific needs of women at increased risk could be embedded within an inclusive tool containing core symptom information that addresses generic educational needs.

A greater proportion of variance in anticipated presentation was predicted for the increased risk group (14%) than for the population risk group (3%). Tests of invariance indicated that the difference between the two groups was due to differences in the magnitude of path coefficients in the model, rather than differences in levels of predictors (e.g. mean susceptibility). The path differences suggest that health beliefs in women at increased risk are determined by perceived threat, with emotional representations of this latent variable important in this population. The varying model fit could be explained in terms of the study populations. The model may not fit the general population so well because it does not represent the health beliefs of this group, or their notion of threat, as well as it does for the increased risk group. The HBM proposes that when faced with a potential health threat, people consider their susceptibility to and the severity of the health threat when deciding whether to act, \[[@CR17]\], with such considerations more salient in those at increased risk. This could also explain the greater proportion of variance in anticipated presentation that was accounted for by the model in women at increased risk.

The cross-sectional study design and use of intent-to-present have implications regarding the temporal stability and interpretation of the current findings. Although causality cannot be inferred, the current research provides an important contribution as it has identified health beliefs in different risk populations in relation to anticipated symptomatic presentation. It should also be noted that the current findings may reflect more about cognitive appraisal of what to do in the presence of symptoms (intentions) as opposed to actual behaviour \[[@CR42]\], with actual behaviour possibly less prompt than intentions \[[@CR12]\]. In addition to the use of intentions, the use of a dichotomous variable for anticipated presentation could obscure nuances in this variable. However, the cut-off of 'immediate presentation' versus 'any delay' was chosen in the absence of clinical consensus regarding the optimal time to present with ovarian cancer symptoms, and recognising that the presence of delay may be more important than the degree of delay \[[@CR43], [@CR44]\].

Symptom knowledge scores were aggregated in this study, whereas a deeper understanding may be gained if knowledge of individual symptoms, such as specific versus non-specific symptoms, was examined. However, the current sample size was insufficient to permit such fine-grained analysis. In addition, the symptom question does not inform about the processes women may go through when appraising and interpreting a symptom, or if indeed the participants are simply guessing whether symptoms were indicative of ovarian cancer.

Model fit has previously been discussed, but group differences should also be noted as a possible explanation of differences observed in the SEM. The demographic profiles of the two samples, for example variables including age and education level rather than cancer awareness could explain the observed effects. The potential lack of sample representativeness is also acknowledged, as the increased risk women were recruited from those who had participated in a screening evaluation study. These women may therefore have different levels of ovarian cancer worry and symptom knowledge than women who did not take part. The limitations of sampling methods are also acknowledged, since the cases and controls were not drawn from the same population \[[@CR45]\]. A further concern is the different sampling methods that were used. The increased genetic risk sample was an opportunity sample whilst the general population sample was a population representative sample. The demographic profiles of the two samples could explain differences observed, therefore it could be variables including age and education level, rather than cancer awareness that caused the observed effects.

Conclusions {#Sec19}
===========

The current research has developed an understanding of anticipated presentation with ovarian cancer symptoms. In both risk populations, raising awareness of the benefits of presenting with symptoms and dispelling the barriers is important. Prospective research that examines actual behaviour and that disentangles causal direction is an important next step in this research field. This study highlights the need to develop an ovarian symptom information tool in which content is tailored according to ovarian cancer risk.
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